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THE THESIS co:MMITTEE

PREFACE

The follcwing research has been conducted in the laboratory of the Botany Department of Brigham Young University, beginning May 25, 1938, and continuing until May of 1939.
The purpose of this thesis is to present as clearly and
as accurately as possible the results of a morphological investigation as to the rise and development of the megagametophyte of Yucca angustissima Engelmann.
This investigation was conducted at the suggestion of
Dr. Bertrand F. Harrison, head of the department of Botany,
Brigham Young University, who has constantly given the investigator every encouragement and assistance.

To him the investi-

gator expresses his sincere appreciation.
Antone W. Nissan
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INTRODUCTION
Yucceae, a tribe of Liliaceae, has been the subject of
much study and invest iga ti on.

It has been subjected to dif-

ferent treatments by different writers who at various times
have attempted to present a natural sequence for its genera.
Trelease has made a comprehensive. study of the distribution,
nomenclature, and t a:x:onomy of Yucceae and has divided it into

five genera, Hesperaloe, Hesperoyucca, Cli.stoyucca,·Yucca, and
Samuela.
Linnaeus.

Yucca was first described by Ruppius and later by
Many additional species have been named since.

RyQ.-

berg has placed it in a 1'arnily by itself, Dracenaceae.
Yucca angustissima was named and described by Engelmann
and is reported from Utah, Arizona, IJevada, New Mexico, Colorado, Wyoming, South Dakota, Nebraska, Kansas, :ee:x:as, and wes1

tern Oklahoma.

Abbott in 1887 gave an account of the chemical

components of Yucca glauca rutt.
The studies involved in tllis investigation are based upon
data and n.aterials secured in the sandy areas of Washington and
Iron Counties in so_uthern Utah.

rrhe regions in which Yucca an-

gust issima is found have a scant vegetation, are dry, sandy to
sandy loam, well-drained, and with an elevation of from 2500 to
5000 feet.
Very little has been published as to the economic importance of Yucca.

However, it probably has
4

p~ayed

a much greater

5

economical role than this would indicate.

In the early set-

tling of the desert areas of southwestern United States it was
used as food, ornaments, soap, and as string for binding purposes.

Strong evidence indicates that it played a substantial

part in the diet of extinct tribes of desert Indians.
Around the water holes, springs, and along rivers, large
cooking beds are found.

They are crude, round pits scooped

out in saucer form, varying in size from a few feet to thirtyfi ve feet in diameter and in depth from two to four feet.

Into

these the large, fleshy, fibrous roots and stems were placed,
covered over with wood, and baked.

Cooking renders them soft

and pliable, after which they are eaten in mush form.

Some

species are much more palatable than others.
The flowers, which bloom in large clustered panicles,
fruits, and seeds are utilized both by man and grazing animals.
The sepals and petals are prepared in brine by the natives and
Mexicans and later cooked in a batter.

The fruits, which con-

tain many seeds, range from one inch in diameter and two and
one-half inches. long to two and one-half inches in diameter
and nine inches long, resembling very.much a cucumber in size,
shape, taste, and use.

In many uncovered mounds of Indians,

the dark, flat disk-shaped seeds have been found made into ornaments, such as beads, bracelets, and earrings.
When the early pioneers entered these deserts they found
the natives using the Yucca as a soap.

They took up the same

6

practice and the plant became generally called soap weed.
This was due to the high concentration of saponin .which is
characteristic of these plants.

"Saponin compresses a series

of non-nitrogenous glucosides, (CnHZn -- 8 0 ), having action
10
somewhat related to the bacterial and other toxins, and to the
soaps and bile salts.

They lower surface tension and there-

fore emulsify or dissolve fats, lipoids, and fine powders.
form excessive and persistent foam when very

di~ute

They

(1=10,000)

water solutions are shaken; they hemolize blood, increase the
permeability of other cells and a re the ref ore general protoplasmic poisons. nl

During the period between the early eight-

enn sixties and the late eighteen nineties before cotton cloth
could be profitably shipped into the West, saponin from the
Yucca plant was used extensively in the cotton factory in
southern Utah in cleaning the newly harvested cotton as well
as the finished cloth.

Nla.ny

t

ook the plant sap, boiled it in-

to a more concentrated form, perfumed it, and used it as hair
oil.
The long string-like fibers that protrude from the margin of the leaves have long been used as string by the Mexicans
and are twisted by them into very fine and satisfactory soft
rope (maguey).

Some preliminary investigations have been made

as to its future possibilities, but up to date no definite suggestions as to its development into an industry of economic

Boston:

lTorold~.Sollman, A Manual of Pharmacology, Second Edition

B. H. Saunders, 1924.

pp. 497-500.

?

importance are available.

Thus, Yucceae is today of very

little, if any, value to nan from an economic viewpoint.
Yucceae is completely incapable of getting pollen
from the anther to the pistil by itself.

It depends entirely

upon the little moth (Yucca pronuba) to place the pollen on
its tri-cleft stigma.
Yucca.

The insect, too, is dependent upon the

After wadding up a ball of pollen, the insect lays

an egg in the ovary and then places the pollen on the stigma.
The larva of the moth eats the maturing seeds, but nature has
provided sufficient seeds for both insect and plant to maintain themselves.

HISTORICAL SKETCH
The megagametophyte of angiosperms appears to have been
derived by many evolutionary changes from a large, conspicuous,
independent structure upon which the sporophyte was dependent
to a short-lived, microscopic structure parasitic upon the
sporophyte.

In structures having undergone those changes there

are considerable variations, and angiosperms are no exceptions.
Schnarf (1936) swnmarized the literature on megagametophytes of
angiosperms to date and reported a correlative study of the
types of development.

The various types of development were

grouped into five main types.
or types.

Illustrations of these five types are shown in Fig-

ure 17 on rage 31.
A.

One was subdivided into six min-

The

11

They are named and ci:i.aracterized as follows:

nor·....,_al" type (Plate IV, Fig. 17).

sions of the Lle;_::;as_'.;'ore :mother cell to form the

df;,'!;

Five diviwith the

embryo sac originating from one negaspore.
B.

Oenothera type (Plate IV, Fig. 17).

Four divisions

of megas}ore mother cell to form the e.;g with the embryo sac
originating from one megaspore Luclei.

All nuclei derived from

the developing megaspore remain in the micro:pylar end, with no
nuclei in the chalazal portion.

c.

Scilla type {Plate IV, Fig. 17).

Four divisions of

mec;aspore mother cell to form the e3g with the embryo sac originating from two

n:;.egas.1:~:ore

nuclei.
8

9

D. Peperomia types (Plate IV, Fig. 17).
mother cell undergoes four divisions.

The rnegas;,ore

The el:i.bryo sac oric;inates

from four megaspore nuclei.
E.

Adoxa type (Plate IV, Fig. 17).

Three di visions

of megas11ore mother cell wi.th the embryo sac developing from
the four megaspore nuclei.
Several investigators have noted various stages in
the development of

~he

rriegagacietoJ_Jhyte in species of Yucca.

Most of these investigations described, however, have been isolated observations with very little reference to the sequence
of developmental events.

Early work on this genus was done by

Vesque (1879), Guignard (1882}, and Herail (1889) each stating
that in species of this genus the me:;aspore mother cell gives
rise to only three negaspores or daughter cells, wliich is rarely, if ever, reported.

Koerneche (1901), studying Yucca

fila~

mentosa found a linear t etrad of me e;as_pores thus amending the
statements of the previously mentioned workers.

A partial ac-

count of the development of the megagametophyte of Yucca filamentosa has been reported by Reed (1903).

Folsom (1916) gave

a very thorough report on Yucca glauca, illustrating his discussion with figures of the ovary, ovule development, and megagametophyte develo11ment.

According to Folsom the ovule protrudes

from the placenta and the archesporial cell is differentiated
just below the epidermis at the distal end of the nucellus.

The

archesporial cell undergoes two successive divisions, giving rise
to four megaspores.

Any three of these negaspores break down

10
while the fourth develops into the embryo sac.
Watkins (1937) worked out a very extensive report of
the megagametophyte development of Yucca rupicola.

He begins

with the four megaspore stage, and shows next the disintegration of the three micropylar megaspores.

He reported that the

chalazal megaspore forms eight free nuclei, by three successive
divisions, to form the mature megagametophyte.

His report "con-

forms in general to that of Folsom and included certain additional intermediate developmental stages.''

1

This investigation, with a few variations, corroborates
the findings of both Folsom and Ylatkins.

1

G. M. Watkins, "Embryo Sac Development in Yucca rupicola," American Journal of Botany, 24:481-484.

MATERIALS .AND METHODS

The specimens of Yucca angustissima were collected in
the desert area of southern Ut::.:..h along United States highway
ninety-one from Kanarravil.,_e, Utah, south to St. George, Utah,
the major part being obtained in the vicinity of Washington,
Utah.

Ovaries were collected from flowers
est bud stages to those completely opened.

i.a

the very young-

These varied in

size from one and one-haif millimeters in diameter and four·
millirneters long, to eight millimeters in diameter and twentyfi ve millirre ters long.

The very small ovaries were wiped car!:l-

fully to remove as much of the wax-like bloom from the ovaries
as possible before they were placed in the fixing fluid.

With

the larger ovaries it was possible to remove that part of the
ovary wall external to the ovules, exposing directly to the
fixing fluid the two rows of ovules contained in e&ch carpel.
A large amount of .rm terial was secured and f ixed--some
in forma.lin-acet ic acid-alcohol, some in Nawaschins, and some
in Flemming's solutions.

fhe material fixed in Flemming's so-

1

lutions was so blackened that extensive bleac.iling was necessary.
Such a bleaching process proved to be rather unsatisfactory.
The n:aterial was embedded in Daraffin and sections from five to
eighteen microns in thickness were cut.
red and fifty slides were made.

More than three hund-

Flemming's triple stain, con-
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sisting of safranin inf ifty per cent alcohol solution, Gentian
violet in an aQueous solution, and Orange G. dissolved in clove
oil was used.

DATA AND TBEm I NTERt'RE'rATION

Findings of investigations reported up to date point to
the conclusion that the develo;ment of the embryo sac in all
species of Yucca conforms very closely to the "normal type."
This type, so far as investigations show, is also characteristic of the majority of flowering plants.
The Archesp orial Cell
The pistil of Yucca angustissima consists of a cylindrical ovary, short style, and a three cleft stigma, derived
from three carpels.

The ovules arise as lateral outgrowths

from the relatively large central placenta.

Two rows of ovules

are produced in each cell of the ovary (Plate III, Fig. 11).
All carpels of the same pistil are similar, as to the nwnber
of the ovules forrr:.ed ard as to their arrangement.
At the apex of the nucellus there is an early dif1'erenriation of tissues with a hypodermal cell differentiating into
the archesporial cell.

This cell can easily be distinguished

by its larger size, characteristic round shape, spherical nucleus, and by the fact that the protoplasm shows a ·staining reaction different from t.hat of the surrounding cells (Plate I,
Fig. 1).

The nucellus grows rapidly, the cells on the side ad-

jacent to the other ron of ovules dividing most rapidly.

rrhis

turns the apex of the ovule toward the placenta as in the ana-

13
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tropous ovules.
As the apex of the nucellus begins to turn back toward
the placenta, thinner integuments arise as small protrusions
f'rom the nucellus on each side of the archesporial cell and
posterior to it (Plate I, Fig. 2).

Soon after the appearance

of the inner integuments and before the first meiotic division
of the archesporial cell, the outer integuments begin to form.
The outer, like the
placenta.

ini~er

integuments, grow rapidly toward the

While the integuments are forming, the archesporial

cell changes from a spherical shape to an oblong, triangular
shape (Plate I, Fig. 5).
The Megaspores
As the ovule increases in size, the megaspore mother cell

prepares to undergo the meiotic divisions.

The nucleus consists

of a _large nucleolus and dense nucleoplasmwith granular chromatin scattered throughout.

As meiosis proceeds, a large number

of chromosomes becomes evident.
sizes were noticed.
observed.

Chromosomes of two different

Many srmll ones and a few large ones were

The investigator was unable to determine the exact

chromosome number.

Watkins, in his paper, "Chromosome Nwnber

and Species Characteristics in Yucca," came to the general conclusion that all species of Yucca contain a diploid number of
sixty chromosomes consisting of fifty small and ten large ones,
and a haploid nwnber of thirty with twenty-five small and five
large chromosomes.

As near as could be determined, the chrome-
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some nwuber of Yucca angustissima is the same as that found by
Watkins for the species he studied.
The meiotic divisions yield first two daughter cells and
then four daughter cells (Plate

I, Figs. 2 & 4).

The megaspores

form a linear t etrad along the axis of the nucellus (Plate I,
Figs. 3 & 4).

This was observed in many of the ovules of sev-

eral different pistils.
Folsom (1916) reported that in Yucca glauca there are
three general types of arrangement of the megas:pores.

He states:

"All four may lie in a row in the axis of the nucellus or ei ther _the two micropylar me gas_;iores, or the two middle ones may be
side by side."l

ivatkins (1937) working with Yucca rupicola

noted that most .rr.egaspores were found in a linear tetrad- along
the nucellus axis, but that frequently the two megaspores in
the micropylar end were separated by an oblique rather than a
transverse cell wall.

The divisions between the .rregaspores

were transverse .in all the ovules of Yucca angustissima that
were examined (Plate

I, Figs. 3 & 4).

None of the ovules re-

vealed any oblique or anticli.i:Jal divisions in the formation of
the megaspores or positions aa indicated by Folsom and Watkins.
When the megaspores are first formed, they are similar
in appearance.

They also stain similarly, each having a large

nucleus and a dense cytoplasm (Plate I, Fig. 4).
1

The megaspore

Donald Folsom, "Studies in the Morphology of Yucca
glauca," Minnesota Botanical Studies, 4: 427-435.
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most distal 1·rom the micropyle soon undergoes changes in form
and structure, distinguishing it as the functional spore (Plate
I, Fig. 3).

Folsom (1916) reports that in Yucca glauca, "The

functional spore may be any one of the group, and a bout an equal
number of instances were observed in which the distal, a proximal, or one of the central spores respectively, was developing."l

Of Yucca rupicola, Watkins (1937) states:

"There is no indica-

tion that any other than the lowest m.acrospore enlarges and forms
the functional gametophyte .n2

Of all ovules examined in Yucca

an&Ustissima only the megaspore nearest the chalazal end was
found to develop {Plate I, Fit; •.6).

The first enlargement seems

to be mostly in the direction .Jf the other three and at their
expense {Plate I, Fig. 5).

As the three nonfunctional megaspores

are pushed toward the micropylar end, they appear to be crushed,
taking a darker and darker stain until they appear almost black

(Plate I, Fig. 6).
The Development of the Gametophyte
When the three nonfunctional cells have been f la tteried
and pressed against the micropylar end and their original space
occupied by the develo}!ing megaspore, there is a seneral and
rapid enlargement of this functional negas)ore in a 11 directions.
At this period of development, the nucleus enters the early stages
1 op. cit.
2 G • 1,1.
'"' ,._,
.
;va t'~-cins,
loc. cit.
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of its first nitotic division.

The _plane of these mitotic di-

visions was found to be both parallel and trarn;;verse to the
original linear tetrad of n1egas1Jores.

As the di visiuL rro-

gresses the chromosor1es become aggregated

&

t

the :poles, the

nuclear membrane develops around each of them but no separating walls are formed.

When the two nuclei have been formed, each

migrates toward opposite ends of the megagametophyte (Plate II,
Fig. 9}.
By the time tlle late stages of the first .c:dtotic divi-

sion appear, the megagametophyte has enlarged, with the r:iicropylar end having become much the broader (Plate I, Fig. 6).

Up

to this t im.e it was noticed that various ovules differed as to
the number of 1 ayers of cells in the nucellus between the megagametophyte and the micropyle.

One layer was found in some; in

others, U.vo; and in still others as many as three layers were
found (Plate I, Figs. 3 &. 4; Plate II, Figs. 8 &. 9).

After the

beginning of the second mitotic division of the embryo sac, only one layer could be found.
As the two daughter nuclei enter the prophase of the
second mitotic di vision the megagametophyte increase rapidly
longitudinally and in the micropylar end transversely, giving
it a pear-shaped appearance (Plate II, Fig. 9).

This broaden-

ing process continues until the megagametophyte reaches maturi-

ty.

As development proceeds, the cytoplasm is separated into

two general nnsses by the form.a tion of several large vacuoles.
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These masses are located one at each end of the embryo sac
(Plate II, Fig. 9, Plate III, Fig. 11).

Both daughter nuclei

undergo mitotic divisions simultaneously forming a four nucleate
gametophyte.

This nuclear division is similar to the first, and

may take place in any direction.

The two nuclei formed nearest

the micropyle move further toward it.

The two formed nearest

the chalazal end move further toward it.

These four nuclei

undergo one more similar mitotic division, forming eight nuclei.

Up to this tilm no walls have been formed but the cyto-

plasm has become more dense at the ends, with the center becoming highly vacuolated.

The Maturation of the Gametophyte
From the appearance of the eight nuclei stage until maturity, the megagametophyte approximately doubles itself in
width and length.

Tvvo of the nuclei in the micropylar end be-

come surrounded by a mass of very dense cytoplasm and become invested by membranes forming the synergid cells {Plate III, Fig.
12}.

A third nucleus becomes surrounded by a membrane enclos-

ing a larger amount of less dense cytoplasm to form the egg cell

(Plate III, Fig. 12).

In the chalazal portion of the embryo sac

the four free nuclei form in a line parallel to the chalazal tube
(Plate III, Fig. 11).

The three nuclei most distal from the

micropyle become invested with membranes and :form the three antipodal cells.
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The chalazal channel is formed as the result of that
part of the megagam.etophyte failing to enlarge at the time the
micropylar portion of the embryo sac enlarges transversely.
From that ti.rile on the chalazal portion grows very little, if
any, in width.

When the antipodal cells are formed, they oc-

cupy almost the entire space in the chalazal tube (Plate IV,
Fig. 16).

The micropylar end continues to enlarge until by

the time all is in readiness for fertilization the channel is
very small in proportion to the upper portion (Plate III, Fig.
14).

The two remaining nuclei move toward each other,neeting

some place between, usually a little toward the chalazal end,
forming the two polar nuclei.
large nucleus.

These two fuse, forming one

Figure 12 of Plate III is an enlarged drawing

of the micropylar section showing the arrangement of the egg and
the synergids.

As suggested by Strasburger (1877) and Watkins

(1937) the synergids seem to be inserted at the very extreme
end of the micropyle with the egg being inserted a little lower.

The egg c·ell is easily distinguished from the synergids by

its large size, its large nucleus, and its less dense cytoplasm
which stains a much lighter shade (Plate III, Fig. 12).
at this time that· all is in read·iness for fertilization.

It is

SUMl'.vlARY

Early in the development of the ovule of Yucca angustissima there is a differentiation of tissues and the archesporial
cell is farmed at the apex of the nucellus.

This archesporial,

or macrospore mother cell, undergoes two divisions (macrogeneses) resulting in four macrospores.

These are arranged in a

linear tetrad along the axis of the nucellus.

The macrospore

nearest the chalazal end enlarges at the expense of the other
three and crushes them toward the micropyle.

As the function-

al macrospore increases in size its nucleus undergoes a mitotic
division resulting in two nuclei.

One of these becomes located

near the micropyle, the other near the chalaza.

These two nu-

clei undergo another mitotic division producing four nuclei.
As the t"WO nuclei begin the division to form four nuclei, that
part of the megagametophyte nearest the micropyle begins enlarging more rpaidly than that portion t ovvard the chalaza and
continues until maturity, civing the megagar:1etophyte its characteristic shape.

The four nuclei undergo one more mitotic di-

vision to produce eight free nuclei.

The four daughter nuclei

located at the micropylar end of the megagametophyte develop to
form the egg, two synergids and the micropylar polar nucleus.
The four daughter nuclei at the chalazal end of the .megagametophyte develop to form the three antipodal cells, which are arI

ranged in linear form. in the tubelike portion of the chalazal
20
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end of the megagametophyte, and the antipodal polar nucleus.
The two polar nuclei fuse to form one large nucleus, which is
usually loca·Led a little toward the chalazal end.

At this

stage fertiliza·c.ion takes place and the gametophytc generation
is completed •.
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EXi'LANATIOI~

OF .i:'IATES

With the aid of a camera lucida and a stage micror;1eter

all drawin0s were made to scale and their
tions tabulated.

:ti resent

.magnifica-

These rnagnifica tions a re as follows:

Plate I, Figs. 1-6 ••••••••• 965
Plate II, Figs. 7 & 10 .•••• 730
Plate II, Figs. 8 & 9 ••••• 1033

Plate III, Fig. 11 ••••••••• 473
Plate III, Figs. 12 & 14 •• 1030
Plate IV, Figs. 15 & 16 •••• 378

Interpretation of abbreviations:
arch ••••••••• arcl1esporial cell n ••••••••• nucellus
c •••••••••••• cell
O.Int ••••• Outer Integuments
e ••••••••••.• egg
Ov •••••••• ovary
I.Int •••••••• Inner Integuments Ova ••••••• ovule
mgs ••••••••• .,:megaspore
P. N •.• , •• rolar Nuclei
Plate I
Figure 1. A longitudinal section of a very young ovule showing the archesporial cell differentiated from surrounding ones.
Figure 2. A longitudinal section of an ovule showing the two
daughter cells and their position; also the origin and
position of the inner integuments.
Figure 3. A linear tetrad of megaspores along the axis of
the nucellus, showing the enlargement of the functional
(chalazal) spore. There are two layers of cells between the megas~ores and the micropyle.
Figure 4. Same stage as Figure 3, showing only one layer of
nucellus between the megas)ores and the micropyle.
Figure 5. The enlargement of the functional megaspore at the
expense of the three degenerating megaspores. At the
same time forming its triangular shape.
Figure 6. Further enlargement of the functional megaspore
with the remains of the ~hree degenerating megaspores
being crushed toward the micropyle. The degenerating
megaspores stain from very dark color to black.
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Plate II
Figure ?. A longitudinal section of a young ovule showing it
at the time the anatropous nature becomes evident;
also the number of integuments and their relative positions.
Figure 8. A longitudinal section of the nucellus showing a
three-celled layer between the megagametophyte and
the micropyle.
Figure 9. The two nucleate stage, the nuclei undergoing mitotic division. The rnegagametophyte is enlarged in
length and transversely in the micropylar section, forming a pear shape.
Figure 10.

A four nucleate gametophyte.
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Figure 11. An eight nucleate gametophyte showing the general
enlargement of the micropylar portion, the linear row
of nuclei in chalazal portion and the two general masses
of cytoplasm, one in each and with many large· vacuoles
in the central region.
Figure 12. The micropylar portion of the mature megagametophyte
showi.r:g the egg and synergid cells.

Figure 13.

A free-hand drawing of a cross section of an ovary,
showing number of cells and the number and arrangement
of ovules in each cell.

Figure 14. A detailed dra1dng of chalazal end of megagametophyte
at the time of fertilization.
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Plate IV
Figure 15.

An embryo sac nearing .rmturation.

Figure 16. A mature megagametophyte. The micropylar portion
has enlarged tonard the chalaza. Also a typical chalazal tube with the antipodal cells.
Figure l?. Diagrammatic drawings showing the main types of
megagametophyte development in flowering plants. The
greater part of these diacrams were taken from Schnarf's
"Contemporary Understanding of Embryo Sac Development
Among Angiosperms."
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